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INFMREDSPECTRAOF59 DICYCLICEI!DRCXARBONS

BYK. T. Serijan,I. A. Goodmari,andW. J.Yankauskas

Theiufraredspectraarepresentedfor59dicyclichydrocarbons
consistingofsomediphenylalkanes,dicyclohexylalksmes,alkylbiphenyls
andalkylbicyclohe~lsrangingfrcm C12 through C18. Thephysical
propertiesofthesec&pounds,whichwereavailableina highstateof
purity,aretabulatedforreferencepurposes.,

INTRODUCTION

As partofan investigationofvariousclassesofdicyclichydrocar-
bonsaspossiblecomponentsofaviationfuels,a groupof59hydrocar-
bonswassynthesizedandpurifiedattheNACALewislaborato~.The
preparationandpurificationof36ofthecmpoundsincludedinthis
groupandcomprisingthediphenyldkaneanddicyclohexylalkaneseries
arereportedby SerijanandWiseinthreepapersrecentlyacceptedfor
publicationintheJouxnaloftheAmericanChemicalSociety.The
remainingcompoundsconsistingofninealQlbiphenylsandtwelve
alkylbicyclohexylsaredescribedinreferences1 and2. Biphenyland
bicyclohexyl,whichmay be consideredastheparentcompoundsofthe
dicylicseries,arealsoincludedinthegroup.

Theeffectofmolecularstructureonthephysicalpropertiesfor
someofthesehydrocarbonsisdiscussedinreferences2 and3.

Theinfraredspectraofthe59hydrocarbonsrepresentingthefour
designatedclassesofdicycl.iccompoundsarepresentedherein.The
availabilityofthesehydrocarbonsina highstateofpuritymadethis
investigationdesirableinviewoftheincreasingimportanceof infrared
spectroscopy,particularlyinthefieldofpetroleumtechnolo~.Very
fewofthespectraforthehydrocarbonsincludedhereinhavebeen
reportedpreviously.

. . . . . ..—.
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Thepropertiesof allthepossiblediphenyl-n-alkanesfrom
diphenylmethanethroughthediphenylbutanesanda–hothe a,u- and
a,m-diphenylpentanesanddiphenylhexanesarelistedintable1. The
correspondingdicyclohe~lalkanesaregivenintableII. Inadditionto
biphenyl,a groq of al.kylbiphenylsconsistingof sevenhydrocarbons
substitutedinthe2-positionandtwocompoundssubstitutedinthe
3-positionwerepreparedandtheirpropertiesarepresentedintableIII.
Thepropertiesofthecorrespondingsaturatedderivativesaredescribed
intableIVwiththeexceptionofthederivativesof 2-sec-butylbiphenyl,
3-methylbiphenyl,and3-ethylbiphenyl,whichcompounds=tid notbe
purifiedto therequiredstandards.Thehydrogenationproductsof each
oftheremainingalkylbiphenylswerereadilyseparableby carefulfrac-
tionationintotwogeometricisomers,designatedintableIVasthe
low-boilingandhigh-boilingisomers.

.Theproceduresusedinevaluatingtheseproperties,togetherwith
theaccuracyandprecisionof eachmethod,arereportedinreference2.
Synthesisdetailsaredescribedinreference1 andalsointhepreviously
mentionedunpublishedreports;methods
outlinedinreference1.

Eachsamplewasfreshlydistilled
justpriorto thedeterminationofthe

ofpurificationaregenerally

andpassedthrou&hsilicagel
infrsredspectra.

APPARATUSAND PROCEDURE

Theinfrmedspectrashowninfigures1 to 5 wereobtainedwitha
double-beamrecordingspectrophotometer.me precisionofthei~tru-

‘1percentofthetrans-mentisspecifiedby themanufacturertobe -
missionvalueandiO.02micronsforthewavelength(reference4). ~
Smpleswererunina O.1-millimeter-thickcellbothundilutedand,over
somewavelengthintervals,atapproximately1:10dilutionona volume
basisineithercarbontetraclikmideor carbondisulfide;wherenecessary
inorderto obtaina stillsharperresolution,a dilutionof approxi-
mately1:20in carbondisuMidewasalsoused. Whenthesampleswere
runindilution,thepuresolventwasusedinthereferencebeamto
nul13fytheeffectof anyabsorptionduetothesolvent.

Inthecaseofthefivehydrocarbonswhicharesolidsatroom
temperature,solutionswerepreparedforinfrared-spectradeterminations
by dilutionwithcarbontetrachlorideandcarbondisulfide.The

.
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concentrationofthese
appropriatefiguresin
thenumberof gramsof
solvent.

hydrocarbonsineachsolventis indicatedinthe
termsofweight-volumepercent,whichdenotes
solute(hydrocarbon)per100millilitersof

LewisFlightPropulsion~boratory

1.

2.

3.

4.

5*

NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,August30,1951
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TABU31— FROFYRLTE3oFmmwMmAmmmxAmmS

~ designatessolldat ImfUcatd.tamparatie~

. I@rocartin Mdtiog Ed.llns IndexOf Eeml@ Kinemtic vi8c0Bit# Ret heat
pint mint refractionat 20° c (centistmkas) of combwtionb
(Oc) at 760m (d@ 98.90C 600 (j 37.800 WC

(Oc) Jo
(keel/mle)

(21@ F) (14c@R) (1OOOF) (320F)

mphenylmthane 25.20C 284.27 1.5776 1.C@592 0.97 1.55 2.22 s I-595
1,1-DiPhanylethane -1.6.o1 272.63 1.5726 .99954 1.-U 1.%3 2,90 8,93 1-735
1,2-DipheoylatMne 51.16 2e0.$ s a 1.14 1.96 s s 1740
1,1-Di@my@roP91E 13.28 2W.22 1.E-643 ,9ss63 1.23 2.25 3.72 s lm5
1,2-DiPhanylProPane .14 2e3.66 1.55-95 .97730 1.30 2.42 4.02 1.6.87 lSm
1,3-DiQhenylwuIwE -20.78 288.$ 1.5584 .97996 1.31 2.31 3.64 I-2.58 IBs3
2,2-DiPhe@In’owne 29.U! 261.3S 1.5703 .9S&)6 1.43 2.71 4.56 0 1s85
1,l-DiphOwwanae

}
-28.38 295.29 1.5589 .9751.2 1.30 2.71 4.71 24.78 2035
-25.20

1,2-Diphanylbutane Glms 292.52 1.S51-S .96734 1.43 2.e3 5.04 28,M 2030
1,3-Di@anylhUtane Glass 302.$ 1.5523 .96982 1.45 2.71 4.62 20.98 2035
1,4-DiPhawlhutanc 52.27 s15.91 8 s 1.49 2.80 s s 2035
2,2-Mplw@.but.ana 21.70 296.I.6 1.%73 .99446 1.79 3.23 7.52 s 203s
mm-2,3-MPhOnylimtene 1.26.4-127.of 290$91 B s s s .9 2035
&i-2,3-Dl@m@mtem Glaae W4,d 1.5547 .9?229 1.43 2.64 4.36 le.11 2040
1,l-mphfmylp?ltam -12.06 307.89 1.5511 .96594 1.62 3.38 6.36 41.50 2190
1,3-MphwyQentana - 7.95 330.62 1.5483 .92-W3 1.64 3.05 5.02 19.46 21so
1,l-mphenymemle -U-.76 321.38 1.3448 .9%36 1.78 3.78 7.19 46.51 23X)
1,S-Mpha@hexana -1.1.99 346.67 1.54Q9 .95237 1.81 3.33 6.72 22.28 . 2330

aA.S.T.M. pmmdme: IW5-46T.
bA,s.T.M. ~OCtime: JJMO-39.
Wd.ue obtainedfromfreming curve.
%m &c.mpositiOnobwrvd dmirg the datemdmtion.
em C176tmiIE mafice.ttim .
f~~ VEJ,M#.VWIby a calibratedimmrBiOn tharmmeter with the substancein an attachedcapillarytube.

I
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I Hydrocarbon

I
I

Mcycl.okxyhaetkne
1,1-Mcycloh~lcthme
1,2-DicyclO~lethme
I,l-Mm~~~Pd

1)2-Dicycl.o~lprOpane
1,3-Dlcyclohq@ro~
Z,2-Mcycl.ohcxylProPe
1,l-Mcyclnhe~lbutane
1,2-Mcyclohexylbutane
1,3-Dicyclohqlbutane
1,4-Dicyclohexyl.butane
2,2-Qlcycl.ohe@butane
meea-2,3-Dicyclohqlbubane
N-2,3-Mcycloiw@butene
1,.1-DicyclnhexyQentnm
1,E-Dicycl.ohesylpenten
1,I-mcyclohexylhaw.nea

1,6-Dicyclohe@hexene

TABLBII- m~ CIF
.

Mwlng
goint
(Oc)

-18.70
-20.87
1.1.45

1

-28.21
-23.46
-21.46
-14.a2
15.61
~10.46
Glaes
ale-se
U.62
15.38
57.&Y
Gle8s
1.6.29
-1.3.6
8.7

33.39
U3.21

8A.8.T.M.prmedime: D445-46T.
bA.s.T.M. procedwe: *-59.

LS dedgnato. ed.idat lwiicatedteraprati]

RKLiIlg
pohlt

Lt76om
(Oc)

252.8C
271.17
274.38
263.%

2S4.5C
291.69
286.2C
292.97
295.90
303.19
30%.OC
302.lC
298.51
3C0.85
3~. c
525.I.5
316.c

340.5C

IMex of
refrectim

e

1.4763
1.4s45
1.4759
1.4S48

1.4798
1.4752
1.491.6
1.4643
1.4EC6
1.4797
1.4751
1.4957

6
!.4642
1.4.5S8
1.4751
1.4627

1.47m

DeDsity
at 2CP c

(@Q

0.87646
.89309
.87395
.892!39

:ea173
.8728
.9%77
.ss021
.66316
.EWE?
.87027
.915S2

.&

.28766

.@687Z

.8247.9

.S5775

98.9°C
;21.@F)

1.43
1.76
1.72
1.6s

1.88
1.96
2.41
2.10
2,Cm
2.28
2.I.9
2.74
2.61
2.34
2.47
2.46
2.77

2.76

lemetictiscxlBit+
Centist
-mG-
’14&F)

2.m
‘3.37
3.64
3.66

3.74
3.62
5.14
4.75
4.20
4.E2
4.39
6.47
5.65
4.90
6.16
5.01
7.16

5.75

%%%
(l@ F)

4.1o
5.59
5.39
6.42

NJ
9.73
9.64
7.23
8.80
7.5a
13.72
s
9.01
13.9a
.9.S6
16.44

1.O.46

I-2.96
21.33

32?33

28.3s
24.87

2a:m
48.31
45.CX3
B
8
8

48.91
a

38.79
s

s

let bat
of ccmmetion~
(kcEii/mle)

ls45
1995
1995
21.40

2165
2163
21_60
2265
2295
2265
2285
2ao
2295
2265
2445
2445
259s

2585,

W2me deccqoaitionobaerwd duringthe deterdnation.
% cryeta.llinewdificatiom.

.
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Hydrocarbon

B@enyl
2-wi@.biphe~l
2-Btbyllllphanyl
2-Fropylb@mny~
2-Butylbiphenyl

2.-IEowJPYlbi@e@
2-BEc-BL@li7ip~l
2-mutylbiphenyl
3-hWhylbi@nyl
3-Ethylblghenyl

M31tlns
point
pc)

68.93
,20

- 6.li3
-1.1.26

}

-X5.71
- 9.65
24.43
8.I.2

Glans
4.s

-27.57

TAPm III —moFm!Tiz9 OF 2-NwmEmRz EKDRw!moR3

[s d.aslgnatesBOlld.at Hc.atea temperature]

aA.S.T.M.pmce6me: D44E-46T.
bA.S.T.M. FO?Oce&om:H39.
%eference 5.
‘%’uOcryErw.Mnem-mfice.tiom.

Boning
pint

it73-0m
(00)

23-4,91
255.30
265.97
277.22
291.20

269.77
281.75
2Ec2.13
272.70
26.5,98

Imex of
refraction

4°

B
1.3914
1.5B35
1.5896
1.35M

115703
1.5622
1.5563
1.6039
1.5930

Demity
at2@c
(@)

1.OQLC
1.01.134
.99671
.9K)18
.96763

.92227
,97145
.96318

1.01394
.99932

Mleuatic V-lsccmi’+

98.90c
[21@ F)

0.99
1.M
1.17
1.33
1.43

1,46
1.60
1.4Q
1.09
1.I.6

=

cerrM..9takeB

(l@ :) (s&F;

s s
---- 3.3.9
-Q-- 5.44
---- 4.44
---- 4.07

---- 6.76
3.s2 7.C9
5.17 6,02

Xi-EL

s
1.3.27
13.64
22.41
24.68

0
s

48.72
13.21
12.17

Eet heat
of combustion

(kcal/mle)

1445
m
1740
1885
2020

lMS
2055
2035
15w
17SJ2

. .

.

I
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TABm Iv- moPEmIm m 2-~ICYCLOEEZi3T mlEwARwR3

[s demigmtes solidat Imillcatedteqwatu+

Hydrocarbon

BicyclrJhawl
2-lWylbicyclohexylc
2-l&@blcyclohaxy14
Z-BthylbicyclohexylcJe
2-Etlq’lbicyclohe@a
2-Pro~lbicycloheqlc~e
2-Fropylbicyclohexyld
Z-ButylhicyclohexylcJe
2-Butylbicyclohexyld
2-IsoprqylbicyclohaxylcJ
2-IEOWW@biCyC10heWld
2-160butylbicyclobxylc,e
2-Isobutylbicyclohexyld

M31t@
point
(Oc)

3.64
-26.43
-10.27
Qlaaa

.35
GM.e8

.26
U1.am’
- 6.51
Glass
- 9.13
Qle.e.9
1.3.48

aA.S. T.M, procedure: JM45-46T.
bA.S.T.IL procedure: IW-O-S9,.
cLuw-boilim?lEamr .

E
238.70 1.4796
249.87 1.4791
255.m 1.4636
266.2S 1.4827
269.54 1.4831
279.40 1.4E07
282.22 1.4858
294.I.5 1.4799
296.56 1.4627
277.U3 1.4843
2e3.06 1.4901
226.87 1.4787
288.33 1.4a19

mnEit7f I KiMimtiic viBcoBit@

).2SKJ9 1.23
.WA47 1.22
.E3430 1.51
.89@5 1.40
.89624 1.s
..99527 1.56
.632a5 1.71,
.86227 1.76
.EWE 1.91
.69305 1.69
.90.365 1.91
.87964 1.77
.mm 1.90

----
2,C-2
2.69
2.58
2.63
3.05
3.46
3.64
4.05
3.75
3.78
3.68
4.00

12#R&-
lc@ F)

3.07
3.1.1
4.20
4.20
4,75
6.38
6.20
6.74
7.65
6.94
8..54
6.95
7.53

0

3:0 :)

s-
8.84
1.2.65
16.33
IB.53
28.32
34.06
42.37
51.18
46.62
29.I.2
51,70
65.30

1
Eet heat

>f cmbudionb
(kca+mle)

1
17m

1870
1995
2o15
2145
2160
XQo
2XHJ
2140
2165
2285
2295

_.

f+&ical ~-pmties deterdned on fractlonn with md nearly constant density val.um,

<
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d
0

-1
Wave number,cm

in

(a)Diphenylmthme.

Wavelength,miorona

(b)1,l-Diphanylethene.

Figure1. - Infre.redopaotm for di~enylaLkanea.Cellwidth,0.1rnilliumter;sampleundilutedor d.lluteden

indioe.ted.

2305 ‘



. —.. .

Wawe nwrhr, em-l

ScE.z m

L7 (o)1.2-DiDhenvlethe.ne.

6

i7a~elength,miorona

(d)1,1-Diphenylpropene.

Figure 1. - Continued,Infrared~peotrafor diphenylalkenes.Cellwidth,0.1,@llimter;mmple nadiluted

diluteda~ indioated.

or
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I

Wavenumber,em-l

(e)1,2-Diphenylpropme.

r
o

Wavelength,nrioronu

(f)1,&Diphenylpropene.

Figure 1. - Continued.Infrmredapatra fordiphenyle-lkanee.Callwidth,0.1millimter;eamplem-diluted
dilutedan indiaated.

or

I
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Wavenumber,om-1

J-
‘: (g) 2,2-Diphw’~prope.

Wavele@h, mior:ns

(h) 1,l-Diphenylbntane.
=5=

Fi~e 1. - Continued.Infrmrednpeotrafor diphenyldkanea.Cellwidth,O.1millimter;ample undilutedor
dilutedas lndloated.



Wavenuder, om-1

.’

.5m (i)1,2-Diphenylbut.ane.

Figure1. - Continued.Infraredeptna for

Wavelength,miorona

(j)1,3-niFJlenylid-ane.

di~enylalkanes.Cellvidth,0.1
diluted= indioated.

-=s=
millimeter;ample undilutedor

i
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Sosz.
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,
Wavenumber,em-l

. . . (k)1,4-Diphenyltmtane.

Kvelergth,miorons

(1)2,2-Diphenylbutene.
Figure 1. - Continued.Infraredapeotrafor diphenyle,lbea,Cell

dilutedas indiuated.

to
r-n
3

tidth,0.1coillicwter;auple undilutedor
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Wavenumber,om-1

I

(m) J@gQ-2,3-Di@oIIylbnk.

-“:
millimeter;aa@E @luted or m

UI
m-1

I

Figure1. - continued.In.fmredspeotrafor

Ibvelrmgth,miororm

(n)dJ-2,&D@hanylbatane.

dlphanylalkuw. Cell WiCU 0.1
dilutedaa indiuatwl.

SOS7.
,
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1

. Siv!zx

-1Wavenumhr, am

(O) 1, l-Dlphenylpnbe.

wavelength,miorona

(P)1,5-Diphenylpntane.

Figme 1. - Cotitinued.Infrarede.peotmfor diphenyle.lkenea.Cellwidth,0.1millimter:
dilutedae indioated.

m.mpleundilutedor

GlI
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I

I

Wavenumber,em-l

zm (q) 1,l-Di@en7Weme.

I
Wavelength,miorona

(r)l,&Diphenylhexane.

Fignre1. - Conoludd..Infreredqmotm for diphnylaLkanes.Cell’width,0.1
dilutedas indioated.

millimeter;sampleundilutedor
!=!

Sosz “ “
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I

I

maw

Wavenumber,om-1

I

WaTelen@h,miorons

(b)1,l-Ilioyolohexyldhne.

( Figure2. - Infraredapeotrafor dlcycloherylalkanea.Cellwidth,0.1millimeter;
em indioated.

w

Eampleundilutedor diluted

~
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Wirenumber,om-1

(0) 1,2-Dioy010hexyleth8ne.

I

Wavele@h, miororm

(d)1,l-Dioyalohaxylpropme.

FigOre2. - Continued.Infrarednpaotrafor dioyolohexylalke.nen.Cellwidth,0.1

ordilutedaS indioatwi.

milliowter;sampleundilnt6d

P
w I

1

‘20s2?..-—-



Wavenumber,em-l

.
.2
al (e) 1,2-IlioyoloMylprOpane.
❑

Wawlength,miorona

(f)1,3-Dioyolohexylprop!me.

Figure2. - Continued.Infraredepeotrafor dioyolohexyle.lkanea.Cellwidth,0.1 millimeter; sample undiluted
or diluted M indio.ated.



Wavenumber,om
-1

N
o

(g)2,2-Dioploheqlprope,

Wavelength, udorons

(h)1,l-Dioyolohexyltmtane.

Figme 2. - Continued.Infraredapeotrafor dioyolohexylalties.Cell
or dilutedas lndioated.

—

width,0.1❑illiumter;.sempleunhluted

.—
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-1Wavenumber,cm

(i)1,2-Dioyaloherglbutene.

Wavelength,mioronn

(j)1,3-Dioyolohe%ylbntie,

Figaro2. - Continued.Infreredapeotrafor dioyoloherylalkeme.s.Cellwidth,0.1millimeter;.snmple
or dilutedaa indioated.

tmdiluted



-1Wavenumber,om

z(- k) 1,4-Dioyoloheqlbutie.”
:,

E

Wavelength,miorene

(1)2,2-M.yoloherylbutane.

Figm 2. - Continual.Infreredspeotre.for dioyolohexyle.1.kenes.Cellwidth+0.1millimter;ample ondilnted
or dilutedas indioEted.
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Waremmhr, em-l

2305 ,

Q

4m (m)msp2,3-Dioyolohexylbutene.

I
,

Wave18cgt~udorOnB

(n) fl-2,3-Dioyolohexylbutane.
FigOre2. - Continued.Infraredspeotm.for dioyolohexylalhnes.Cellwidth,0.1

or dilutedas indioated.

millimeter;a~le undiluted
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1

n’
-2mm

1

-1Wavenumber,em

(0) 1,l-Jlioyolohe@pentie. ‘

Wavelength,mlorona

(p)1,5-Dloyoloheqlpentie.

Figare2. - Contino.ed.Infraredepaotrafor dioyolohexylalkonee.Cellwidth,0.1
or dilutedaE indiaated.

millimeter;sampleundiluted
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1’

1

Wavenumber,

.— — —. — ~m. .

-1am

(q)1,1-Dioyolohexylhexene., “

1.

Wavelength,miorone

(r)1,6-Dioyoloherylherane.

Figure2. - Cormluded.Infraredapeotrafor dioyolohexylalkene,q.Cellwidth,0.1~
or dilutedao indioated,

4

limater; eample undiluted



Wavenumber,em-l

.: (a)2-Methylblpheny~

Vavela@h, microns

(b)3-HethylbiphenyL v

Figore3. - Iufraredapeotm for alkylbiphenyls.Cellwidth,O.1millimeter;sampleundilutedor dilutedas
indioated.
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1

t
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I

I

I

, Vave nmber, Om-l

s. (o)2-Ethylbiphenyl.

I ,.
I

F@re 3. - Continued,Infraredepe~ra for

m
UI
m
4

Warele@h, ❑iorone
(d)3-Ethylbi@enyl. -
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